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A b s t ra c t  T he  well k n ow n  sources  o f  geothermal  cncrg> that is responsib le  for aflceting various  gcodsnam ica l  p iocesscs  do not luH il the 
exact requ irem ent  o f  energy  needed  for these  purposes  As an al te rnative to these  tenable  sources  o f  eiierp>, we have hypothesised  the lo imaiion  
of a s trong m ag n e t ic  field zone,  k now n  as gct)spot, in the  core-mantle  boundary  The m agnetic  loops and aichcs  arc formed m the P "  region 
situated above  the  core -m antle  boundaiy ' due  to the  grow ing  or decay ing  geospots  W hen a pair o f  bipolar regions app ioach  one another,  a current  
^heel IS developed ,  m w h ich  m agne t ic  reconnect ion  process  lakes place,  giv ing rise to the liberation ol eno im ous  amount ot cncigv in the form o f  
iic<il
K e y n o r d s  U eospo l ,  m agnet ic  field, geoll icmia l energy 
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I. In tro d u c tio n
Cicothermal energy w h ich  plays an im portant role in governing 
the d ifferent gcodynam ica l processes, such as, plate m otion, 
^olL•a^ism, hotspots, s ia lic  th icken ing, convective plumes, 
mantle plumes, vo lcan ic  chain, m id-ocean ridge, island arc, 
polar wandering, is p oo rly  understood. The tenable sources 
o\ energy that have been invoked from  tim e to tim e [1 -5 ] 
•lie ( i) radioactive decay [6 ,7 ] o f  dem ent like  K ‘* ,^ ( i i )  latent 
heat released due lo  the crysta llisa tion  o f  Fe-N i on the 
surface o f  the inner core, ( i i i )  g rav ita tiona l energy released 
as a result o f  s ink ing  o f  Fe to  the centre, ( iv )  therm al energy 
released by planetesim al partic les during  accretion, (v ) 
fnctional heat developed because o f  m igra tion  o f  denser 
material downward.
Recently, Tassos [8 ] has proposed the idea o f  Exces Mass 
‘Stress (E .M .S .)  as the d r iv in g  fo rce  o f  geodynam ic 
phenomena. The excess mass, the bu lk  m atter generated at 
the core-mantle boundary, is the product o f  transform ation 
ul e le m e n ta ry  p a r t ic le s  in to  b u lk  m a tte r, th ro u g h  
electromagnetic confinem ent, laser c lustering, and contro lled  
nuclear fusions.
But none o f  these energy sources can adequately ju s t ify  
the energy requirem ent o f  the d iffe re n t geolog ica l phenomena
which arc rather discrete, cyc lic  and episodic in nature. As 
an alternative to the aforesaid sources o f  the internal energy 
o f  earth, we have hypothesised the form ation o f  gcospots at 
the corc-rnanlle boundary [9- 12] which play an active role 
in con tro lling  the various gcodynam ical phenomena, fh is  
idea has been invoked on the basis o f  the proposition  put 
fo rward by Sheridan [13 ] who observed llia t there exists a 
certain re lationship o f  the dynam ic processes like  plate 
spreading and global sea level cycles w ith  the geomagnetic 
fie ld  varia tion in a cyc lic  way.
2. G e o sp o t— w h a t a n d  w h e re
A gcospot is a zone o f  strong m agnetic fie ld  form ed at the 
core-m antle boundary, having, probab ly, the temperature 
less than that o f  the surrounding m edium . An isolated 
isothermal magnetic flu x  tube is detached from  the to ro ida l 
fie ld  o f  earth due to some sort o f  pertu rbation  and is carried 
lo  the core-m antle boundary by an ordered, large scale 
convective flo w . Th is  magnetic flux  tube, w h ich  is dragged 
by the updraft convection, maintains its axis approx im ate ly  
ve rtica l (F igure 1) and reaches at the core-m antle boundary 
where it  undergoes some evo lu tionary changes to form  a 
geospol.
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In ihe  co rc-m an llc  boundary , ihc iron perm eates from  the 
co re  into the low er m antle , w hereas, the oxygen and to som e
ex ten t, s ilicon  and  m agnesium  en te r into the co re  from  the 
m antle  (F ig u re  2). T he iron carries  the Trozen-in ' m agnetic  
field  asso c ia ted  w ith it and d ep o sits  at the u pper part o f  the 
co rc-m an tlc  b oundary . I he sub -su rface  dow ndraft caused  by 
0 -S i-M g  is assum ed  to  flow  betw een  the ind iv idual fiux
T he reg ions are charac te rised  by a host o f  s tro n g  magnetic 
fie lds, concen tra ted  in flux tubes tha t form  loops and 
arches o f  d iffe ren t sizes in the D** layer. T he foo t points ot 
these  lo o p s a re  ly ing  on  the  u p p e r  c o re  D'* regions 
boundary . T hese  loops are  fo rm ed  due to  the  variation  of 
m agnetic  flux o f  the g eo sp o ts  w h ich  a re  em erg ing  or 
decay ing .
T he reg ion  w here  the  energy  is re leased  is surmounted 
with a m agnetic  loop  as show n in F igure  3(a). A s D ” region 
is he te rogeneous in na tu re  w ith assem b lag es o f  highly 
co n d u ctin g  as w ell as in su la ting  a lloys, resu ltin g  from 
chem ical reac tions at the co re-m an tle  bou n d ary  and the 
p erco la tion  o f  iron into the m antle , w e a re  prom pted  to 
c o n s id e r  th e  p h y s ic a l c h a ra c te r is t ic s  a s  illu s tra te d  m 
Figure 3(b).
D r e g io n Dissipation a re a
Figure 2. tiarth's interior showing the corc-mantic boundary and D" region 
containing highly conducting and insulating alloys,
strands to w ard s  th e  g e o sp o t ax is  and  to  p ro v id e  a  co n fin ing  
fo rce  by  ex e rtin g  an  aero d y n am ic  d rag  on  th e  strands, 
F u therm ore , th e  p resen ce  o f  s tro n g  m agnetic  fie ld  in the 
g e o sp o t cau ses  th e  co n v ec tio n  to  b e  inh ib ited  th rough  th e  
reg io n  w h ere  th e  flux co n cen tra tio n  tak es p la c e  (14 ,15 ]. T h is  
re su lts  in the  red u ced  h ea t flux  and tem pera tu re  in th e  
geo sp o t.
3 . E n e rg y  r e le a s e  s i te  a n d  s to ra g e
G ro w th  an d  d e c a y  o f  a  g e o sp o t w h ich  has its a ssoc ia ted  
m ag n e tic  fie ld  v a ry in g  acco rd in g ly  w ere  tre a ted  in o ne  o f  
o u r  e a r l ie r  p a p e rs  [9], H ere , w e co n cen tra te  on  the  en erg y  
re lea se  s ite  an d  its s to rag e  m echan ism . T h e  in terface  b e tw een  
D "  reg io n  an d  th e  m an tle  h as  been  p re su m ed  to  be  th e  site  
fo r  th e  lib e ra tio n  o f  e n e rg y  w h ich  is co n v ec ted  to  the  m an tle .
F ig u r e  3. Hlcclrudynamic  circuit  for remote  energy  s to rage
A n elec tric  cu rren t /  is assum ed  to  flow  in the  m agnetic 
loop  betw een  the  u p p er co re -m an tle  b o u n d ary  and  the D" 
reg ion . A n in su la ting  lay e r in b e tw eep  tw o  co n d u c tin g  la\ers 
g ives rise  to  th e  e ffec t o f  fo rm ation  o f  a  c a p a c ito r C , whereas, 
R  and  L  g ive  the  to tal res is tan ce  an d  in d u c tan ce  respectiveh  
o f  the  eq u iv a len t e lec tro d y n am ic  c ircu it.
It is assum ed  th a t an e lec tric  c ircu it tran sp o rts  energy 
from  the  u p p e r co re -m an tle  b o u n d a ry  to  th e  u p p e r most 
reg ion  o f  D "  lay er Irom  w h ere  the  en e rg y  in  th e  fo rm  o f  heat 
is co n v ec ted  to  th e  m an tle . T h is  is th e  h e a t so u rce  necessary 
fo r m an tle  convec tion .
T o  exam ine  th e  g lo b a l a sp e c t o f  th is  so r t o f  storage 
m echan ism , w e hav e  u sed  th e  eq u a tio n  fo r th e  to ta l current 
/  o f  th e  e lec trica l c ircu it shovm  in F igu re  3 (b )
Q
dl C ‘
H ere , E  is th e  e m f  to  th e  e lec tro d y n am ic  fo rce  genera ted  in 
th e  c o o le r  layers  o f  D "  reg io n  w h ere  d eg ree  o f  ionisation  is 
low  en o u g h  so  th a t su ffic ien t n eu tra l a to m s a re  availab le  to 
ca rry  th e  p o s itiv e  io n s  ac ro ss  th e  m ag n e tic  fie ld  lines. 
A cco rd in g  to  th e  d y n am o  p rin c ip le
: = J|v„ X
w h ere  v„ is th e  v e lo c ity  o f  th e  n eu tra l a tom s.
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Average ind u c tiv e  en e rg y  o v e r a  h a l f  cycle
V) Jo
Average cap ac itiv e  en erg y
= f f^0 Jo
5
 ^ 3 ^ d t  =  j C E ^ .  
1
Hence, to ta l en e rg y  =  — C E ^ .
D uring  o sc illa tio n s , the  ch a rg e  m ay  b eco m e  con sid e rab ly  
greater th an  th e  fina l v a lu e  C E , an d  co n seq u en tly  th e  
potential d iffe ren ce  b e tw een  th e  p la te s  m ay  ex ceed  E . T h is 
results in a b reak d o w n  o f  th e  d ie lec tr ic  b e tw een  th e  p la tes , 
entailing d e s tru c tio n  o f  th e  cap ac ito r. So a t the  site  w here  
this h ap p en s  in th e  D "  re g io n , th e  m ed iu m  b eco m e s 
hom ogeneous.
Formation of current sheet and magnetic reconnection 
A ccording to  S w ee t [16 ] an d  la te r  d e v e lo p e d  by  G o ld -H o y le  
f '7 ] , a p a ir  o f  b ip o la r  reg io n s  (F ig u re  4 )  ap p ro ach  one 
another an d  m erg e  to g e th e r  to  form  a  n eu tra l cu rren t sheet.
In sketch ing  these field  lines it has been  co n sid e red  tha t the 
fie ld  streng th  increases w ith d is tance  from  the  o rig in , so tha t
VV hen  R  is very  sm all ( it is th e  ch a rac te ris tic s  o f  D "  reg ion  
because o f  h igh  co n d u c tiv ity ), th e  eq u a tio n  sim plifies to
q  = C E  +  A oe~ “‘ sin(a>of+  > 
where Ao and  e  a re  a rb itra ry  constan ts.
Putting q  -  0  an d  /  0  a t t =  0 , the values arc
<»Q
a  ’
yjcol + a ^ Figure 4. A pair (Dl, D2) of bipolar regions approaching towards each 
other
the  h yperbo lae  (F igu re  5 ) are  situa ted  successive ly  c lo ser 
to  one  ano ther. A ny e lem en t o f  m ateria l experien ces a 
resu ltan t m agnetic  tension  due  to  the  ou tw ard ly  cu rv ing  
fie ld  lines. It acts ou tw ards from  the  o rig in  and  is exactly  
b a lanced  by the  m agnetic  p ressu re  w h ich  acts inw ards as the 
m agnetic  field  becom es sm alle r and  sm alle r i f  the  o rig in  is 
ap p ro ach ed .
T h e  m a jo r p rob lem  faced  b y  an y  m ech an ism  b y  w hich  
th e  s to re d  m a g n e tic  en e rg y  is  d is s ip a te d  is th e  h ig h  
con d u ctiv ity  o f  the  m ateria l o f  D ” reg ion , w ith  asso c ia ted  
lo n g  m agnetic  d iffu sion  tim es and  h igh  m agnetic  R eyno lds 
num bers, w h ich  necess ita te s  th e  Ifozen -in  fie ld  to  m ove  w ith  
th e  m ed ium  and  so inh ib its  its m o tion . S ince  th e  d iffu sion  
tim e sca le  varies as th e  sq u are  o f  the  ch a rac te ris tic  leng th  
T  a ssoc ia ted  w ith  changes in m agnetic  fie ld , it is d es irab le  
th a t th is  leng th  /  sh o u ld  b e  as sm all as po ss ib le . T h e  n eu tra l 
sh ee t (F ig u re  5 ) sa tisfies  th is  crite rian . S uch  con fig u ra tio n  
can  re su lt in m agnetic  reconnec tion .
A cco rd in g  to  th e  F igu re  6 , th e  m ag n etic  fie ld  co m p o n en t 
By rev erses  d irec tio n  a lo n g  th e  line X =  0 . F o r  th e  sak e  o f
254 Tushar K Das
simplicity, let us assume that the field geometry is independent 
of the coordinate Z (out of the paper).
cubps of side 'ct either side of the sheet, it contains mapetic 
energy of amount.
Figure  6. Magnetic reconnection process by which thermal energy is 
generated
If a closed rectangle as shown in Figure 6 is (aken, then 
the line integral B.dl has the value By. 41 so that applying 
Stoke's theorem.
M M
Again, IJ j.ds  = j4 L l -
Hence, j ^ L l  = -^By4L
or,
^ r
W:
As / becomes smaller, y' becomes as large as we please. By
g
omitting the suffix in By, we can write B instead. J
As the width of current sheet is very small the sheet 
possesses much larger current densities so that the magnetic 
field may quickly slip through the homogeneous conducting 
medium.
5. Energy evolved for regulating the earth's dynamic 
processes
Most current sheets are likely to be rather transient in nature. 
Let us suppose that the faces of a current sheet have an area 
of a .^ Let the magnetic flux of strength B is carried across 
the faces into the sheet, where it is converted into heat in 
a continuous manner. If the field B originally occupies two
which is released in the form of heat. This energy release 
is of the order of 10^’ Joules which is sufficient for any kind 
of geody'namical processes to become effective.
If Kbe the speed with which magnetic flux is carried into 
the sheet, then the time of energy release is r = alV.
For a steady conversion process, the width of the sheet 
is = TjIV, where q is the magnetic diffiisivity.
References
[1) F Press and R Siever Earth (San Francisco : W. H, Freeman) 
(1985)
[2) G C Brown and A E Mussett The Inaccessible Earth (London 
Allen and Unwin) p235  (1981)
[3) R J O' Connell and W S Fyfe Evolution o f iIk  Earth, Geodynamu 
Series. Vol. 5 (American Geophysical Union) p l 2 2  (1981)
[4) H P M Bott The Interior o f Earth 2nd edn (London ' Edward 
Arnold) p403  (1982)
[5) Lingun Liu and W A Bassctl Elements, Oxides, Silicates //ig/i 
Pressure Pha.ses with Implicationsfor the Eath's Interior (Oxford 
Oxford Univ Press) p 2 5 0  (1986)
[6) L Rybach Pure Appl. Geophys 114 309 (1976)
[7) L Rybach Delerminauon o f heal production rale. Handbook of 
Terrestrial Heat Flow Density Determination ( e d s ) R Haend, 
L Rybach and I. Stegena (D o rd re ch t . Kluwer Academic) p4S6 
(1988)
[81 S T l  assos in Proc, Int Symp on ''New concepts in Global 
Tectonics" (Tsukuba, Japan) (1998)
[9] T K Das and D Roy in The Proc Technical Workshop for APT 
& APSG, 1996 (Kashima Space Research Centre, Japan) p232 
(1996)
[lOJ T K Das and D Roy in The Proc. Int Symp. on “New concepts 
m Global Tectonics" (Totion University, I 'sukuba, Japan) p76 
(1998)
[11] T K Das and D Roy in Abstracts o f XXVIth General Assembly oj 
URSI (Toronto University, Canada) No. E6P 12 p301  (1999)
[12] D Roy and T K Das in 31st Int. Geo. Cong. (Riode Janeiro, Brazil) 
(2000)
[13] R H Sheridan Techtonophysics 143 59 (1987)
[14] S Chandrasekhar Hydrodynamic and Hydromagnetic Stability 
(Oxford Clarendon) (1961)
[15] L Bierman Vierteljahrschr Astr. Ges. 76 194 (1941)
[16] P A Sweet lAU Symposium No. 6 p  123 (1958)
[171 T Gold and F Hoyle Mon. Not. Roy. Astron. Soc. 120 89 (I960)
